Introduction
Underactuted robotic systems have received special interest in the last decade because of its wide range of applicability in different control research areas such as: nonlinear control, sliding mode control, robust and adaptive control, fuzzy logic control, neural networks control [1] [2] [3] [4] . Underactuated robots are those robots with both passive and active joints. For example, when a joint motor in a fully-actuated robot fails, that joint becomes passive. It is important in such cases to design control techniques to still control the robot, if possible. They often exhibit feedforward nonlinearities, nonholonomic constraints and non-minimum phase characteristics, which make them difficult to control.
Pendubot, which is the case study of this research, has been under valuable researchers interest [5] [6] [7] [8] [9] [11 -12] . Pendubot, short name for pendulum robot, is a nonlinear underactuated mechatronic system [5] , consisting of unstable two link planar robot arm, the first link is actuated while the second link is unactuated [6] . Indeed, its nonlinear dynamics have forced researchers to employ two very different varieties of controllers, one for the swing up and another for balancing at the vertical upright position. Many controllers for the Pendubot have been proposed. Non-adaptive control techniques to control Pendubot can be found in [2] [3] [4] [5] [8] [9] . The authors in [8] investigated how to control the Pendubot by energy based method. A passivity based control of the Pendubot is proposed in [9] as well. In [2] the control of underactuated systems using 
Pendubot Dynamics Model
The equation of motion for the Pendubot can be found using Lagrangian dynamics. This provides a mathematical model that can be used to derive various controllers and to simulate the response. Since our device is a two-link robot (with only one actuator), its dynamic equations is derived using the so-called Euler-Lagrange equations. In additional, the inertia parameters of the Pendubot have been provided by the Mechatronic Systems Inc [7] Equations of motion for the Pendubot can be simply written in matrix [5] [6] [7] 
